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SUMMARY 
We calculated the body segment inertial parameters (BSPs) 
for elite gymnasts and distance runners by using an optical 3D 
body scanner and a 3D-CAD. Their BSPs differed between 
their competitive events and sexes due to differences in the 
region of muscle hypertrophy. For more accurate motion 
analysis, BSPs for athletes of various events are desirable. 
 
INTRODUCTION 
Segment inertial properties such as the mass, center of mass, 
and principal moments of inertia are necessary information for 
analyzing human movement, especially in kinetic analysis.  
These properties are affected by a subject's morphology. 
Therefore, it seems that athletes have differing segment 
inertial properties depending on the events in which they 
participate. 
 
This study sought to calculate the body segment inertial 
parameters (BSPs) for elite gymnasts and distance runners and 
to clarify the effects of the morphological differences induced 
by characteristics of their competitive event on the body 
segment inertial properties. 
 
METHODS 
Subjects were 26 Japanese elite male athletes (Gymnasts: 
n=12, 24.0±2.7yr., 166.1±4.3cm, 58.5±4.5kg.  Distance 
runners: n=14, 22.1±0.9yr., 170.3±5.6cm, 55.8±4.2kg) and 32 
Japanese elite female athletes (Gymnasts: n=16, 20.5±2.1yr., 
152.1±5.6cm, 43.4±5.7kg. Distance runners: n=16, 
23.9±4.8yr., 159.7±5.0cm, 45.9±4.3kg). 
 
Using an optical 3D body scanner (Bodyline Scanner C8300, 
Hamamatsu Photonics K.K., Japan) with four laser diodes and 
CCDs, we measured the three-dimensional position 
coordinates of point groups on the body surface of subjects in 
their standing position at height intervals of 2.5mm. These 
coordinates were imported into 3D-CAD software 
(SolidWorks 2008, SolidWorks Japan K.K., Japan), and a 
solid model of the body was made from the configuration 
formed by the point groups. The solid model was divided into 
the following 14 or 15 segments after Ae et al. (1992) [1]: 
Head, whole torso (which was furthermore divided into upper 
torso and lower torso), upper arms, forearms, hands, thighs, 
shanks and feet. For each segment, the volume, center of 
volume, and preliminary principal moments of inertia with a 
density of 1g/cm3 were calculated by the modeling kernel. 
Segment density was assumed to be uniform within a segment 

gymnast distance runner

Figure 1   Whole body solid model for a gymnast and a distance runner

 
and optimized with the subject’s total body mass based on 26 
sets of cadaver segment densities from Dempster (1955) and 
Chandler et al. (1975) [3,2]. The mass, center of mass, and 
principal moments of inertia were determined for each 
segment from the volume, preliminary principal moments of 
inertia, and optimal density. 
 
RESULTS AND DISCUSSION 
Figure1 depicts whole body solid model for a gymnast and a 
distance runner. In comparison with the distance runner, the 
gymnast has hypertrophied trapezius, latissimus dorsi, and 
triceps brachii. 
 
Figure 2 presents the percent segment mass of male gymnasts 
and distance runners. In comparison with distance runners, 
gymnasts had a significantly larger percent mass for the upper 
arm (+35.4%), forearm (+32.1%), hand (+19.8%), and upper 
torso (+8.6%) (Plus means gymnasts had larger values). In 
contrast, gymnasts had a significantly smaller percent mass for 
the thigh (-10.3%), shank (-10.1%), and lower torso (-7.9%) 
(Minus means gymnasts had smaller values). Moreover, the 
moment of inertia about the longitudinal axis for the upper 
arm and forearm are about twice as large in gymnasts as in 
distance runners. These differences in BSPs are due to the 
differences in muscle volume produced by the characteristics 
of their competitive event. Although there were some 
differences in BSPs between female gymnasts and 



Figure 2   Percent segment mass for male gymnasts and male 
distance runners
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female distance runners, the differences were not as 
remarkable as seen in males. 
 
CONCLUSIONS 
In addition to body size, the region of muscle hypertrophy is a 
factor that affects BSPs. Therefore, we should know the BSPs 
for athletes involved in each competitive event in order to 
obtain more accurate motion analysis results. 
 
REFERENCES 
1. Ae M, et al., Biomechanism 11: 23-33, 1992. 
2. Chandler RF, et al., Technical Report AMRL-TR, Ohio, 

USA, 1975. 
3. Dempster WT, WADC Technical Report, Ohio, USA, 

1955. 
 


